Multinationals exhibit distinct agglomeration patterns which have transformed the global landscape of industrial production (Alfaro and Chen, 2014) . Using a unique worldwide plant-level dataset that reports detailed location, ownership, and operation information for plants in over 100 countries, we construct a spatially continuous index of pairwise-industry agglomeration and investigate the patterns and determinants underlying the global economic geography of multinational firms. In particular, we run a horse-race between two distinct economic forces: location fundamentals and agglomeration economies. We find that location fundamentals including market access and comparative advantage and agglomeration economies including capital-good market externality and technology diffusion play a particularly important role in multinationals' economic geography. These findings remain robust when we use alternative measures of trade costs, address potential reverse causality, and explore regional patterns.
Introduction
An exponential increase in flows of goods, capital, and ideas is one of the most prominent economic trends in recent decades. A key driver of this phenomenon is cross-border production, investment, and innovation led by multinational corporations (MNCs). Multinational affiliate sales as a share of world GDP have more than doubled in the past two decades, increasing from close to 25 percent in 1990 to more than 50 percent in 2014. 1 This chapter seeks to grasp the complexity in the various drivers of MNC location decisions.
In particular, we run a horse-race between two distinct economic forces: location fundamentals (also referred to as "first nature") of multinational production (MP) and agglomeration economies (also known as "second nature"). The location fundamentals of MP, as stressed in the international trade literature, consist of primarily foreign market access (multinationals choose to produce in large foreign markets to avoid trade costs) and comparative advantage (multinationals locate production in countries with desired factor abundance and low factor prices). 2 In contrast, agglomeration economies, the study of which dates back to Marshall (1890) , stress the benefits of geographic proximity between firms, including lower transport costs between input suppliers and final good producers, labor and capital-good market externalities, and technology diffusion.
While existing studies offer separate evidence on the roles of the above two categories of factors in multinationals' location decisions, how these factors jointly influence multinationals' global economic geography given their organizational structure and capital-and knowledge-intensive production requires further exploration.
An evaluation of the patterns and causes of MNC economic geography faces, however, several key challenges. First, the measurement of agglomeration has been a central issue in the economic geography literature. Traditional indices that define agglomeration as the amount of activity located in a particular geographic unit omit agglomerative activities separated by administrative and geographic borders and can be affected by the extent of industrial concentration. Second, distinguishing between the effects of MP's location fundamentals and agglomeration economies is complicated by the difficulty of measuring the factors quantitatively. Further, their common propensity to lead MNCs to locate next to each other makes it difficult to separate their relative effects. Third, identifying the causal effects of location fundamentals and agglomeration economies is a key challenge in empirical analyses of economic geography. Both types of factors can endogenously reflect the patterns of MNC agglomeration. Finally, quantifying the global patterns of MNC economic geography requires cross-country data that document multinational production at the plant, instead of firm, level.
To overcome the above challenges, our empirical analysis proceeds in the following steps.
First, we quantify the global agglomeration of MNCs using WorldBase, a worldwide plant-level dataset that provides detailed location, ownership, and activity information for establishments in more than 100 countries. Its broad cross-country coverage enables us to depict worldwide patterns of MNC economic geography. Moreover, the dataset's detailed location and operation information for over 43 million plants, including multinational and domestic, offshore and headquarters establishments, makes it possible to compare the geographic patterns of different types of establishments. The physical location of each establishment allows us to construct indices of agglomeration using precise latitude and longitude codes for each plant and the distance and trade cost between each pair of establishments.
Second, we construct a spatially continuous index of agglomeration for pairwise industries (also referred to as coagglomeration). 3 We obtain latitude and longitude codes for each establishment in the data based on plant-level physical location information and compute not only the distance but also the trade cost that accounts for other forms of trade barriers between each pair of establishments. Following an empirical methodology introduced by Duranton and Overman (2005) (henceforth, DO) and extended in Alfaro and Chen (2014) , we then employ a MonteCarlo approach that compares the actual geographic density of plants in each industry pair with counterfactual densities. This procedure separates agglomeration from the general geographic concentration of multinationals and deals with the effect of industrial concentration. Industry pairs that exhibit greater geographic density than the counterfactuals are considered to exhibit significant evidence of agglomeration.
As in Alfaro and Chen (2014) , we construct the agglomeration index for each pairwise industry to help disentangle the effects of location fundamentals and various agglomeration forces. As noted by Ellison, Glaeser, and Kerr (2010) (henceforth, EGK), while location fundamentals and agglomeration economies tend to predict agglomeration among firms in the same industry, their predictions of which industry pairs should agglomerate vary significantly. Compared to firms in the same industries, firms from different industry pairs often exhibit greater variation in their relatedness in production, factor markets, and technology space, thereby displaying different agglomeration incentives. 4 Exploring the pairwise-industry agglomeration of MNCs thus makes it possible to separate the effects of location fundamentals and the various agglomeration economies.
Third, after computing the actual agglomeration index of MNCs, we construct an expected index of MNC agglomeration to capture the effect of location fundamentals. This index reflects the geographic distribution of MNC plants predicted exclusively by the location fundamentals of multinational production including, among others, foreign market size, trade costs, and comparative advantage. Specifically, we invoke a two-step procedure. In the first step, we estimate a conventional gravity-type MP equation and examine the effects of market access and comparative advantage as well as other location factors in multinationals' location decisions. Based on the estimates, we obtain the location patterns of MNC plants predicted by the location fundamentals and, in the second step, construct an index of agglomeration using the predicted, instead of actual, locations. This index represents the expected degree of pairwise-industry agglomeration based on industry pairs' common location fundamentals.
Fourth, controlling for the agglomeration predicted by location fundamentals and all industry specific factors, we examine the degree to which proxies of agglomeration forces, including between-industry input-output linkages, labor demand similarity, technology spillover, and a new measure of capital-good market externality, explain the variations in the agglomeration index of multinational firms. We construct the proxies of agglomeration forces using lagged, disaggregated U.S. industry account data to mitigate the potential reverse causality concern, as it is not very likely that U.S. industries' production, factor, and technology linkages are a result of worldwide MNCs' agglomeration patterns.
To further alleviate concerns of endogenous agglomeration economy measures, we examine regional agglomeration patterns from which the United States is excluded. If U.S. domestic industry-pair relationships could be affected by the agglomeration of MNCs in the U.S., then one would expect that the former would not be affected by the agglomeration of MNCs located in other regions, like Europe. 5 Our analysis presents a rich array of new findings that shed light on the global agglomera-tion of MNCs. First, the location fundamentals of multinational production, although playing a significant and vital role, are not the only driving forces in the patterns of MNC offshore agglomeration. As shown in Alfaro and Chen (2014) , agglomeration economies, especially capital-good market externality and technology diffusion, are crucial determinants of MNCs' overseas location decisions. When comparing the relative importance of location fundamentals and agglomeration economies, however, we find the effect of location fundamentals to exceed the cumulative impact of agglomeration forces. A one-standard-deviation increase in the former is associated with a 0.31 standard-deviation increase in the extent of MNCs' offshore agglomeration at the 200 km level, whereas the cumulative effect of agglomeration economies is around 0.17. Second, as suggested by the agglomeration patterns, the relative importance of location fundamentals and agglomeration economies varies significantly between MNC offshore and domestic plant agglomeration and between MNC offshore and headquarters agglomeration. Comparing the agglomeration of MNC offshore and domestically owned plants, we find MNC plants, reflecting their high capital-and innovation-intensities, to be significantly more influenced by capital-good market and technological agglomeration factors. The under-provision of capital goods in many host countries increases MNCs' incentives to locate in proximity to one another overseas and take advantage of agglomeration economies. Moreover, location fundamentals and capital-good market externality exert a stronger effect on the offshore agglomeration of MNC subsidiary establishments, while technology diffusion and labor market externalities are the leading forces behind the agglomeration of headquarters. Vertical production linkages, in contrast, matter for offshore clustering only.
These results are consistent with the increasing segmentation of activities within the boundary of multinational firms, in particular, the market-seeking and the input-sourcing focuses of offshore production and the emphasis of headquarters on knowledge intensive activities such as R&D, management, and services. The findings also remain largely robust when examining regional agglomeration patterns, and restricting the analysis to Europe which yield additional insights.
The rest of the chapter is organized as follows. Section 2 reviews the related literature. Section 3 discusses the methodology used in this chapter to construct pairwise-industry agglomeration indices. Section 4 describes the methodology used to measure location fundamentals and agglomeration economies. Section 5 describes the cross-country establishment data. Section 6 reports the stylized facts and econometric evidence on the determinants of MNC economic geography. Section 7 presents additional analysis that examines agglomeration in Europe. The last section concludes.
Related Literature
Our work builds on three broad strands of literature. First, an extensive literature in international trade has shed important theoretical and empirical light on the role of location fundamentals in MNCs' decisions to invest abroad. Two main motives of foreign investment have been stressed by studies in this literature. First, firms may choose to produce overseas to avoid trade costs.
This strategy, referred to as the market access (or tariff jumping) motive, leads firms to duplicate production processes in countries (see, e.g., Markusen, 1984 and Venables, 2000) .
Second, firms may choose to locate different stages of production in countries where the factor used intensively is abundant. This strategy is referred to as the comparative advantage motive (see, e.g., Helpman, 1984) . These two motives, leading to horizontal and vertical FDI respectively, have been synchronized in the knowledge-capital model developed by Markusen and Venables (1998) and Markusen (2002) and examined in a number of empirical studies. 6 This strand of literature provides a theoretical and empirical foundation for the location fundamental portion of our research.
A second related literature consists of the extensive body of research in regional and urban economics that has been devoted to evaluating the importance of Marshallian agglomeration forces in domestic economic geography. 7 Marshall (1890) 
Quantifying Agglomeration: Methodology
In this section, we describe the empirical methodology used to quantify the global agglomeration of multinational firms. As noted in Head and Mayer (2004) , measurement of agglomeration is a central challenge in the economic geography literature. 8 Continuous effort has been devoted to designing an index that accurately reflects the agglomeration of economic activities. One of the latest progresses in this literature is DO.
DO construct this index to measure the significance of same-industry agglomeration in the U.K. The index has then been adapted by EGK to investigate the coagglomeration of U.S.
industries. We extend this index to a global context to measure the degree of coagglomeration of multinational firms worldwide. Because it accounts for continuity in space, the index is well suited for cross-country studies as shown in Alfaro and Chen (2014) . In this chapter, we also expand the original index's focus on distance as the main form of trade cost to a measure that accounts for various forms of trade costs (distance, tariffs, etc.).
We first describe the empirical procedure and then discuss its main advantages and shortcomings. The empirical procedure to construct the index involves three steps. To compare global location patterns of MNC subsidiaries, headquarters, and domestic firms we repeat the procedure for each type of establishment.
Step 1: Kernel estimator We first estimate an actual geographic density function for each pair of industries. Note that even when the locations of nearly all establishments are known with a high degree of precision (such as in the data we use, as described in section 5), distance (as well as estimated trade cost) is an approximation of the true trade cost between establishments. One source of systematic error, for example, is that travel time for any given distance might differ between low-and high-density areas. Given the potential noise in the measurement of trade costs, we follow DO in adopting kernel smoothing when estimating the distribution function.
Let τ ij denote the distance between establishment i and j. For each industry pair k and k, we obtain a kernel estimator at any point τ (e.g., K k k (τ )):
where n k and n k are the number of plants in industries k and k, respectively, h is the bandwidth, and K is the kernel function. We use Gaussian kernels with the data reflected around zero and the bandwidth set to minimize the mean integrated squared error. 9 This step generates a kernel estimator for each of the 7, 875 (= 126 × 125/2) manufacturing industry pairs in our data. 10 In addition to estimating the geographic distribution of establishment pairs, we can also treat each worker as the unit of observation and measure the level of agglomeration among workers. To proceed, we obtain a weighted kernel estimator by weighing each establishment by employment size, given by
9 Although we follow DO and EGK in obtaining kernel estimators, a less computationally intensive approach that yields similar properties would be to look at cumulative distances.
10 Identical industry pairs (126 observations) are dropped from the analysis because, as explained earlier, we rely on industry-pair variations in relatedness in production, factor demand, and technology to disentangle the effects of location fundamentals and various agglomeration economies. Identical industry pairs exhibit all dimensions of relatedness and lack the needed variation. Moreover, as we explain in Section 4, the measures of location fundamentals and agglomeration economies used in this chapter, by design, capture only between-industry relationships. The main empirical analysis is performed at the SIC 3-digit level. This level of industry disaggregation is dominated by the availability of control variables, as described in Section 4.
where r i and r j represent, respectively, the number of employees in establishments i and j. We do this for each of the 7, 875 industry pairs.
Step 2: Counterfactuals and global confidence bands To obtain counterfactual estimators, we estimate the geographic distribution of the manufacturing multinationals as a whole in order to control for factors that affect all manufacturing multinational plants. We proceed by drawing, for each of the 7,875 industry pairs, 1,000 random samples, each of which includes two counterfactual industries. Given our goal of obtaining, in this step, the overall agglomeration patterns of MNCs, the random samples are drawn from the entire set of MNC establishment locations. 11 Note that to control for the potential effect of industry concentration, it is important that the counterfactual industry in each sample has the same number of observations as the actual data. We then calculate the bilateral distance between each pair of establishments and obtain a kernel estimator, unweighted or weighted by employment, for each of the 7,875,000
samples. This gives 1, 000 kernel estimators for each of the 7, 875 industry pairs.
We compare the actual and counterfactual kernel estimators at various distance thresholds, including 200, 400, 800, and 1,600 kilometers (the maximum threshold being roughly the distance between Detroit and Dallas and between London and Lisbon). We compute the 95% global confidence band for each threshold distance. Following DO, we choose identical local confidence intervals at all levels of distance such that the global confidence level is 5%. We use f k k (τ ) to denote the upper global confidence band of industry pair k and
at least one τ ∈ [0, T ], the industry pair is considered to agglomerate at T and exhibit greater agglomeration than counterfactuals. Graphically, it is detected when the kernel estimates of the industry pair lie above its upper global confidence band.
Step 3: Agglomeration index We now construct the agglomeration index. For each industry pair k and k, we obtain
or employment-weighted
The index measures the extent to which establishments in industries k and k agglomerate at threshold distance T and the statistical significance thereof. When the index is positive, the level of agglomeration between industries k and k is significantly greater than that of the counterfactuals.
There are two requirements for the construction of the DO index. First, availability of physical location information for each establishment at the most detailed level. The WorldBase dataset, described in section 5, supplemented by a geocoding software, satisfies this requirement.
Second, the empirical procedure adopted to construct the index uses a simulation approach that is computationally intensive, especially for cross-country studies and large datasets.
Measuring Location Fundamentals and Agglomeration Economies
We now turn to economic factors that could systematically account for the observed agglomeration patterns of MNCs. Incorporating the multinational firm theory with the literature of economic geography, the location decisions of multinational firms can be viewed as a function of two categories of factors. One consists of location fundamentals of MP that motivate MNCs to invest in a given country including market access and comparative advantage. The other is agglomeration economies, which includes vertical production linkages, externality in labor markets and capital-good markets, and technology diffusion.
MP Location Fundamentals
To quantify MP location fundamentals we construct a measure that incorporates an empirical approach from the multinational firm literature with the agglomeration index methodology and invoking a two-step procedure.
Step 1 In the first step, we seek to obtain estimates of multinational actitivity predicted by location fundamentals including market size, trade cost, comparative advantage and natural advantage, among other related characteristics. To obtain such estimates, we consider two alternative specifications.
In the first specification, we estimate a conventional empirical equation following Carr, 
where y c ck denotes either the number or the total employment of subsidiaries in country c and industry k owned by MNCs in country c, marketsize ave c c is average market size proxied by the GDP of home and host countries, 12 distance c c is the distance, skill dif f c c represents the difference in skill endowment, measured by average years of schooling, between the home and the host countries (i.e., skill c − skill c ), skillintensity k is the skilled labor intensity proxied by share of non-production workers for each industry, tarif f c ck and tarif f cck are the levels of tariffs set by the host country c on the home country c and vice versa in industry k, and ε c ck are the residuals.
In addition to the above variables, host-country characteristics such as institutional and physical infrastructure could also affect multinationals' location decisions. 13 We thus include vectors of country-industry dummies, µ ck and µ ck , to control for all country-industry specific factors such as institutional quality, physical infrastructure, domestic industry size, and economic policies. 14 We estimate equation (5) Based on the estimates of equation (5), we obtain and sum, for each host country c and industry k, the values of y c ck predicted by market access and comparative advantage factors.
To construct predicted MNC activities at a more disaggregated location level, we use the actual share of multinationals in each city to capture cross-city variations in attractiveness (e.g., port access and favorable industrial policies). Multiplying the actual share by y ck gives y sk for each city s and industry k.
In the alternative specification, we directly estimate MNC activity at a disaggregated region level. To proceed, we re-consider equation (5) to examine MNC activity at the region, instead of country, level and include a series of regional characteristics as additional regressors to capture the effect of regional location fundamentals.
The main advantage of this specification is that it enables us to examine the role of regional characteristics, such as market size and natural and comparative advantages, in MNCs' location decisions, instead of relying on the role of country characteristics alone and then using a region's share of MNCs as a proxy for regional attractiveness. However, the disadvantage of this specification is the difficulty in obtaining disaggregated regional data for a wide sample of countries.
In the end, we compiled a detailed database of regional characteristics from a number of national sources. Based on this database, we estimate the following equation:
+ γ 7 tax cs + γ 8 roadway cs + γ 9 port cs + γ 10 airport cs + µ ck + µ ck + ε c ck .
where y c crs now denotes either the number or the total employment of subsidiaries in country c's region s and industry k owned by MNCs in country c, skill dif f c cs represents the difference in skill endowment, measured by percentage of labor with tertiary education, between the home country and the host region (i.e., skill cs −skill c ), tax cs is the region's corporate tax level, roadway is the length of roadway in each region s, and port cs and airport cs are indicators of ports and airports in the region. Again, we estimate the equation using Poisson quasi-MLE (QMLE) and find estimated parameters to be largely similar to the results from the first specification. In addition, we find regional skill level and infrastructure characteristics to matter significantly in multinationals' location decisions. Similar to the first specification, we then obtain and sum, for 17 The U.S. data was collected at the state level. Population and education attainment data were collected from the U.S. Census; GDP and income/compensation statistics were collected from the Bureau of Economic Analysis; roadway statistics were from the Federal Highway Administration; employment data was collected from the Bureau of Labor Statistics. Australia data was compiled from the Australian Bureau of Statistics at the state level (ABS). Canada data was collected from Statistics Canada at the provincial level. China data are from the CEIC Data at the provincial level. Brazil data is from IBGE at the state level; data on Brazilian energy production and consumption was from Ministério de Minas e Energia. Mexico data was collected from INEGI at the state level. South Korea data was from KOSIS, collected at the provincial level. Japan data were collected from the Statistics Bureau of Japan at the prefecture level. The remaining data is at the national level, collected from the World Bank. For all regions, port data was from World Port Source, and tax rates were compiled from EY, Deloitte, KPMG, and the World Bank's Doing Business report. each host country c, region s, and industry k, values of y c csk predicted by the market access, comparative advantage, and infrastructure variables.
Step 2 In the second stage, we repeat step 1 of DO's procedure to obtain a geographic distribution function for each pair of industries k and k. We use the predicted levels of MNC activity (either predicted number or total employment of MNCs) in each region and industry (i.e., y sk and y s k ) as the weight when estimating the kernel function. This generates, for each pair of industries, an expected geographic density function based exclusively on the estimated effects of location characteristics including market size, comparative advantage, and trade costs. We compare in Section 6 the role of these characteristics relative to that of agglomeration forces in determining the spatial patterns of multinational firms.
Agglomeration Economies
In addition to the location fundamentals of MP, agglomeration economies can also affect multi- Agglomeration forces evaluated include (i) vertical production linkages, (ii) externality in labor markets, (iii) externality in capital-good markets, and (iv) technology diffusion. We describe below how each of the above factors is measured in the empirical analysis.
Vertical production linkages Marshall (1890) argued that transportation costs induce plants to locate close to inputs and customers and determine the optimal trading distance between suppliers and buyers. This can be especially true for MNCs given their large volumes of sales and intermediate inputs. 18 Compared to domestic firms, multinationals are often the leading corporations in each industry. Because they tend to be the largest customers of upstream industries as well as the largest suppliers of downstream industries, the input-output relationship between MNCs (e.g., Dell and Intel, Ford and Delphi) can be far stronger than that between average domestic firms. 19 To determine the importance of customer and supplier relationships in multinationals' agglomeration decisions, we construct a variable, IOlinkage k k , to measure the extent of the input- As supplier flows are not symmetrical, we take either the maximum or the mean of the input and output relationships for each pair of industries.
Externality in labor markets
Agglomeration can also yield benefits through external scale economies in labor markets. Because firms' proximity to one another shields workers from the vicissitudes of firm-specific shocks, workers in locations in which other firms stand ready to hire them are often willing to accept lower wages. We convert occupational employment counts into occupational percentages for each industry, map the BLS industries to the SIC3 framework, and measure each industry pair's labor similarity, labor k k , using the correlation in occupational percentages.
Externality in capital-good markets
External scale economies can also arise in capitalgood markets. This force has particular relevance to multinational firms given their large involvement in capital-intensive activities as show in Alfaro and Chen (2014). 22 Geographically concentrated industries offer better support to providers of capital goods (e.g. producers of specialized components and providers of machinery maintenance) and reduce the risk of investment (due to, for example, the existence of resale markets). 23 Local expansion of capital intensive 20 This argument was formally considered in Marshall (1890), Krugman (1991) , and Helsley and Strange (1990). 21 The flow of workers can also lead to technology diffusion, another Marshallian force discussed below. 22 See Alfaro and Hammel (2007) for evidence on capital flows and capital goods imports. 23 Agglomeration can also induce costs by, for example, increasing labor and land prices. Like benefits, these costs can be potentially greater for industries with similar labor and capital-good demand, in which case the estimated parameters of the variables would represent the net effect of similar factor demand structures on agglomeration decisions.
activities can consequently lead to expansion of the supply of capital goods, thereby exerting a downward pressure on costs.
To evaluate the role of capital-good market externalities, we construct a new measure of industries' similarity in capital-good demand using capital flow data from BEA. The capital flow table (CFT), a supplement to the 1997 Benchmark Input-Output (I-O) accounts, shows detailed purchases of capital goods (e.g., motors and generators, textile machinery, mining machinery and equipment, wood containers and pallets, computer storage devices, and wireless communications equipment) by industry. We measure each using industry pairs' similarity in capital-good demand structure, denoted by capitalgood k k , using the correlation of investment flow vectors. 24 information about the invention (e.g., technology classification, citations of prior art) and inventors submitting the application (e.g., name and city). We construct the technology diffusion variable, that is, technology k k , by measuring the extent to which technologies in industry k cite technologies in industry k, and vice versa. 25 In practice, there is little directional difference in technology k k due to the extensive number of citations within a single technology field. We obtain both maximum and mean for each set of pairwise industries.
Constructing the proxies of agglomeration economies using the U.S. industry account data is 24 Note that this measure captures a different dimension of industry-pair relatedness than vertical production linkages. Unlike vertical production linkages, industry-pair correlations in capital-good demand reflect industry pairs' similarity in capital-good demand and, thus, scope for externality in capital-good markets. 25 The concordance between the USPTO classification scheme and SIC3 industries is adopted in the construction of the variable. motivated by three considerations. First, compared to firm-level input-output, factor demand, or technological information, which is typically unavailable, industry-level production, factor and technology linkages reflect standardized production technologies and are relatively stable over time, limiting the potential for the measures to endogenously respond to MNC agglomeration. 26 Second, using the U.S. as the reference country while our analysis covers multinational activity around the world further mitigates the possibility of endogenous production, factor, and technology linkage measures, even though the assumption that the U.S. production structure carries over to other countries could potentially bias our empirical analysis against finding a significant relationship. Third, the U.S. industry accounts are more disaggregated than most other countries', enabling us to dissect linkages between disaggregated product categories. presents the correlation matrix. For example, the correlation between industry-pair production linkages and similarity in capital-good demand is about 0.19, the correlation between production linkages and technology diffusion is about 0.29. The table also shows the mean and maximum measures of production linkages and technology diffusion to be highly correlated. 27 
Data: The WorldBase Database
Our empirical analysis employs a unique worldwide establishment dataset, WorldBase, that covers more than 43 million public and private establishments in more than 100 countries and territories (see Alfaro and Chen, 2014) . WorldBase is compiled by Dun & Bradstreet (D&B), a leading source of commercial credit and marketing information since 1845, from a wide range of sources. 28 All information collected by D&B is verified centrally via a variety of manual and automated checks. 29 D&B's WorldBase is, in our view, an ideal data source for the research question proposed in this study offering several distinct advantages over alternative data sources. First, its broad cross-country coverage enables us to examine agglomeration on a global and continuous scale.
Examining the global patterns of agglomeration allows us to offer a systematic perspective that takes into account nations at various stages of development. Viewing agglomeration on a continuous scale is important in light of the increasing geographic agglomeration occurring across regional and country borders.
Second, the database reports detailed information for multinational and non-multinational, 26 Concerns surrounding the endogeneity of agglomeration economies are further discussed and analyzed in section 7; see also discussion in Alfaro and Chen (2014) . 27 We used the mean values in our analysis, but obtained similar results when we used the maximum measure. 28 For more information, see: http://www.dnb.com/us/about/db database/dnbinfoquality.html. The dataset employed in this chapter was acquired from D&B with disclosure restrictions. 29 Third, the WorldBase database reports the physical address and postal code of each plant, whereas most existing datasets report business registration addresses. Existing studies have tended to use distance between administrative units, such as state distances, as a proxy for distance of establishments. In doing so, establishments proximate in actual distance but separated by administrative boundaries (e.g., San Diego and Phoenix) can be considered dispersed.
Conversely, establishments far in distance but located in the same administrative unit (e.g., San
Diego and San Francisco) can be counted as agglomeration.
We obtain latitude and longitude codes for each establishment using a geocoding software (GPS Visualizer). This software uses Yahoo's and Google's Geocoding API services, well known as the industry standard for transportation data. It provides more accurate geocode information than most alternative sources. The geocodes are obtained in batches and verified for precision.
We apply the Haversine formula to the geocode data to compute the great circle distance between each pair of establishments. 30 The distance and the trade cost information is used to construct an index of agglomeration following the empirical methodology described in Section 4. An establishment is deemed as an MNC foreign subsidiary if it satisfies two criteria: (i) it reports to a global parent firm, and (ii) the headquarters or the global parent firm is located in a different country. The parent is defined as an entity that has legal and financial responsibility for another establishment. 31 We drop establishments with zero or missing employment values and industries with fewer than 10 observations. 32 Our final sample includes 32,427 MNC offshore manufacturing plants. Top industries include 30 To account for other forms of trade barriers, such as border, language, and tariffs, we further estimated a more comprehensive measure of trade cost between each pair of plants. Results available upon request. 31 There are, of course, establishments that belong to the same multinational family. Although separately examining the interaction of these establishments is beyond the focus of this chapter, we expect the Marshallian forces to have a similar effect here. For example, subsidiaries with an input-output linkage should have incentives to locate near one another independent of ownership. See Yeaple (2003b) for theoretical work in this area and Chen (2011) for supportive empirical evidence. One can use a similar methodology (estimating geographic distributions of establishments that belong to the same firm and comparing them with distributions of counterfactuals) to study intra-firm interaction (see Duranton and Overman, 2008) . 32 Requiring positive employment helps to exclude establishments registered exclusively for tax purposes. km. This is not surprising given countries' growing participation in regional trading blocs and rapid declines in cross-border trade costs.
MNC Establishment Data

Domestic Plant Data
Conducting an empirical analysis of all domestic manufacturing plants is infeasible given the size of the entire WorldBase dataset and computational intensity of the procedure. Consequently, to keep the analysis feasible, we adopt a random sampling strategy.
For each SIC 3-digit industry with more than 1,000 observations, we obtain a random sample of 1,000 plants. For industries with fewer than 1,000 observations, we include all domestic plants.
This yields a final sample of 127,897 domestically owned plants.
Assessing the Roles of Location Fundamentals and Agglomeration Economies
We now examine the roles of location fundamentals and agglomeration economies in explaining the pairwise-industry agglomeration of MNCs and how the effects might differ across multinational foreign subsidiaries, domestic plants, and multinational headquarters.
Formally, we estimate the following empirical specification:
where agglomeration k k (T ) is the agglomeration index of industry pairs k and k at threshold distance T (relative to the counterfactuals) and the right-hand side includes (i) the agglomeration patterns predicted by MP location fundamentals (f undamentals k k ) based on the two specifications considered in Section 4.1, and (ii) proxies for agglomeration forces described in Section 4.2 consisting of input-output linkages (IOlinkage k k ), labor-and capital-good market similarities (labor k k and capitalgood k k ), and technology diffusion (technology k k ). In addition to the location fundamentals and the agglomeration economies considered above, multinationals might also agglomerate because of factors like shared natural advantage (e.g., climate) and externality in institutional and physical infrastructure investment. We account for these factors with both the location fundamental measures and an industry fixed effect. Specifically, we include α K , a vector of industry dummies that takes the value of 1 if either industry k or k corresponds to a given industry, and zero otherwise. These industry dummies control for all industry-specific factors and agglomeration patterns. Summary statistics for MNC and domestic agglomeration indices are reported in Tables 1.
MNC Offshore Agglomeration
We consider first the agglomeration of MNC foreign subsidiaries. Table 2 [ Table 2 about here]
The lower panel of Table 2 reports the normalized beta coefficients. 34 Comparing the standardized coefficients of agglomeration forces, we find the effects of technology diffusion and capital-good market correlation to outweigh that of vertical production linkages, which suggests that, given the technology and capital intensive characteristics of multinational firms, it is important to take into account not only vertical production linkages but also technology and capital-good market externalities in explaining MNCs' offshore agglomeration. The parameter of labor-market correlation is insignificant in the multivariate regressions. 35 Comparing the estimates across distance thresholds, we find that at more aggregate geographic levels, the impact of technology diffusion diminishes and the effect of capital-good market externalities rises while the role of vertical production linkages remains mostly constant.
The stronger effect of technology diffusion at shorter distance levels suggests that, compared 33 In univariate regression results for each of our main variables, all the agglomeration variables were found to be highly significant across the different distance threshold levels. The estimated effects also exhibited expected signs. Across agglomeration forces, capital-good market correlation had the greatest impact across all distance thresholds, followed by labor-demand correlation, technology diffusion, and production linkages. Tables showing  univariate results are suppressed from the chapter due to space considerations but available upon request. 34 Standardized coefficients enable us to compare the changes in the outcomes associated with the metric-free changes in each covariate. 35 Excluding the capital-good market correlation variable, we found the technology diffusion and production linkage variables to remain positive and significant and the labor correlation coefficient to remain insignificant. This result suggests that the capital-good variable is capturing agglomeration incentives not represented by the other variables.
to the other agglomeration economies, benefits from technology diffusion tend to be localized geographically. 36 Estimation results based on measure 2 of location fundamentals are reported in Table 3 . The estimated parameters of agglomeration economies remain largely similar to Table 2 . The location fundamental variable, obtained from the regional-level specification, now exerts a significant effect on the agglomeration of multinational foreign subsidiaries at both 400 and 800 km. Comparing the relative importance of location fundamentals and agglomeration economies, we find the effect of location fundamentals to be outweighed by the effect of the cumulative effect of agglomeration forces in Table 3 . At 400 km, a one-standard-deviation increase in location fundamentals leads to a 0.025-standard deviation increase in the level of agglomeration, while the cumulative effect of agglomeration forces is 0.076 standard deviation. 37 [ Table 3 about here]
We have examined MNC offshore agglomeration thus far using subsidiary as the unit of observation. We now take into account the different employment sizes of multinational subsidiaries, which essentially treats the worker as the unit of observation and measures the level of agglomeration among workers. This exercise, by differentiating the agglomeration incentives between individual establishments and workers, has implications for policy making targeted at influencing the geographic distribution of workers. Tables 4 and 5 reports the estimates based on the two measures of location fundamentals. Tables 2 and 3 , in which labor market correlation does not exert a significant effect, multinational subsidiaries in industries with greater potential labor market externalities exhibit significantly higher level of employment agglomeration. Technology diffusion, another force of agglomeration that involves close labor interaction and mobility, also plays a significant role in explaining the agglomeration of MNC subsidiary workers between industries.
Note that in contrast to
In fact, technology spillover appears to be the strongest agglomeration factor at most distance thresholds. Further, at more aggregate geographic levels, the effects of labor market externalities and technology spillovers diminish, while capital-good market correlation exerts a significant and positive effect.
[ Tables 4 and 5 about here] 36 When excluding the location fundamental variable, the coefficients and statistical significance of the agglomeration forces remain largely unchanged. 37 Comparing Table 2 and Table 3 , we also note the normalized parameter of the location fundamental variable to be significantly lower when the variable is constructed based on the regional estimation specification. One possible explanation is that measure 1, constructed based on country-level location characteristics and actual regional share of multinational activity, represents an upper bound of location fundamentals, whereas measure 2, estimated based on observable country and regional characteristics, serves as a lower bound.
MNC Headquarters Agglomeration
We next examine the determinants of MNC headquarters clusters relative to MNC clusters overseas. To control for the role of location fundamentals in explaining the agglomeration of MNC headquarters, we follow the procedure described in Section 4.1, but obtain the level of MNC activities predicted for each MNC home country, and construct the expected distribution and agglomeration of MNC headquarters following the rest of the procedure. Table 6 reports the estimation results. All variables except vertical production linkages exert a significant effect. A one-standard-deviation increase in the location fundamental variable is associated with a 0.21 standard-deviation increase in MNC headquarters agglomeration, which suggests an important role for the characteristics of headquarter countries including market size, skilled labor endowment, and access to host countries. At 200 km, both technology diffusion and labor market correlation play a positive and significant role, with a cumulative effect of about 0.06. Beyond 200 km, the effect of labor market becomes insignificant. Again, this result is consistent with the localized feature of labor markets and lower mobility of labor.
[ Table 6 about here]
Comparing Table 6 with Table 2 , we find that location fundamentals and capital-good market externality exert a stronger effect on MNCs' offshore agglomeration than on the agglomeration of MNC headquarters and, further, input-output relationships affect MNC subsidiaries but not headquarters. These results suggest that MNC subsidiary agglomeration, with their market-seeking and input-sourcing focuses, is more influenced by market access and comparative advantage motives, capital-good market externalities, and vertical production linkages, whereas agglomeration of headquarters, with their specialization in R&D, management, and the provision of other services, is more influenced by technology diffusion than by production linkages.
Comparing the Agglomeration of MNC Offshore and Domestic Plants
Having established the agglomeration patterns of MNC foreign subsidiaries, we now investigate how the role of agglomeration forces varies systematically between multinational and nonmultinational plants. Specifically, we evaluate how the role of location fundamentals and agglomeration economies affects MNCs relative to domestic plants by estimating the following equation: [ Tables 7 and 8 about here] The results based on the two measures of location fundamentals are reported in Tables 7   and 8 . We find that proxies for capital-good market externalities and technology diffusion exert a stronger effect on multinationals than on domestic plants in same industry pairs. The role of the input-output relationship is not significantly different between the two at disaggregated geographic levels, but is significantly stronger for multinationals at more aggregate geographic levels (e.g., 800 km). Interestingly, potential externalities in labor market, captured by industrypair similarity in labor demand, exert a greater effect on the agglomeration of domestic plants 
Additional Econometric Analysis
A potential concern with our analysis thus far is that the agglomeration economy measures might endogenously reflect the agglomeration patterns of multinational firms. For example, the input-output linkage between the apparel and cotton industries may reflect not just the inherent characteristics of apparel manufacturing, but also the agglomeration of the two industries due, for example, to availability of raw materials leading apparel manufacturers to favor cotton over other types of fabrics. Similarly, the technology spillover between the telecommunication and computer industries might be due not only to the intrinsic technological relationship between the two industries, but also to a historical factor that led the two industries to locate together and subsequently become familiar with each other's technologies.
This concern is mitigated in our work by three factors. First, our analysis controls for the role of location fundamentals and industry-specific characteristics. This enables us to separate industries' geographic concentration due to location attractiveness from agglomeration activities driven by agglomeration economies. Second, our measures of agglomeration economies are constructed using U.S. industry account data while the chapter examines global agglomeration patterns. U.S. industries' input-output linkages, factor market correlations, and technology spillovers are not very likely a result of agglomeration around the world. Third, the focus on
MNCs reduces the possibility of reverse causation, as MNCs constitute a small subset of firms in each industry and the agglomeration economy measures are built with industry wide data that include information on domestic firms. 38 We nevertheless perform an additional exercise to further alleviate concerns about endogeneity. Because the global agglomeration patterns of multinational firms include the agglomeration of MNCs in the United States, we examine regional agglomeration for which the U.S. is excluded.
If U.S. domestic industry-pair relationships are affected by the agglomeration of MNCs in the United States, then one would expect the former to be less likely affected by the agglomeration of MNCs located in other regions such as Europe. 39 In this case, the agglomeration economy measures constructed with U.S. industry account data are orthogonal to the agglomeration patterns observed in Europe. 40 We proceed by repeating the procedure described in Section 4.1 to construct the agglomeration indices for MNCs located in Europe. These indices capture the degree to which MNCs in a given industry pair agglomerate in Europe at various threshold distances.
[ Table 9 about here]
The results are reported in Table 9 . We find the estimates to be qualitatively similar to those reported in Tables 2 and 3 . 41 Multinational subsidiaries in industries with greater labor market correlation and technology spillover are found to have a higher level of agglomeration, especially at the 200 and 400 km levels. Input-output production linkage and capital-good market correlation also exert a significant effect on the agglomeration of MNCs in Europe. Consistent with the earlier results, we find the effects of labor market externalities and technology spillovers to diminish at more aggregate geographic levels. Further, labor market externality appears to be the strongest agglomeration force at disaggregated distance levels.
Conclusion
The emergence of new multinational clusters is one of the most notable phenomena in the process of globalization. Multinationals follow distinctively different agglomeration patterns offshore than their domestic counterparts (Alfaro and Chen, 2014) . We examine in this chapter the 38 Alfaro and Chen (2014) further explore the process of agglomeration. 39 On regional integration and concentration of MNCs, see also Chen (2009). 40 Using another country's data to instrument the agglomeration economy variables would not alleviate the potential for endogeneity in our analysis because it would face issues similar to the U.S. data. Using the U.S. agglomeration economy measures to predict the agglomeration patterns in a non-U.S. region would, however, mitigate the possibility of reverse causation and help identify the causal effects of agglomeration forces. 41 Because we are now examining regional, instead of global, agglomeration, we consider only threshold distances up to 800 km. Recognizing these effects, many countries, including both FDI source and destination nations, have long offered lucrative incentives to MNCs in the hope of building and sustaining industrial clusters. Understanding the location interdependence of multinational firms and how they agglomerate with one another is critical to designing these economic policies.
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